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iAP20RetfdPCT/Pro oiJUN 2006 

m m m 

[0001] ^mmiti. ytm-^^. B^^x-h^t:is<Dj\i^iz^m\^tc^:77^y<tpx-%mm 

^mit. 2004^6^ 23 B tcmM^n/c#M2004- 184601-^*5j;t;?2004^10 
E5B l-ttJM$tLfc#M2004-292377-^{C^bT^5feti:^^§ii-StjO-efeo 

(DRA^>;?^-7"A) o#fife^j^|g2i*5 J:t;?|g22{j:;^i- (^^fi, 0Wff':Scm.i'^ 

[0003] lS«#m(WDM)fi-^3fe<^)jSfti:UT. ia21(Z)#;^isl)eDRA(^«^{Cfi. VN;b 
t^^L^1575~1605nm(AM) . ^:^fR]S5^(^J5be^?S*tbT1470nm4oJ: 
XJ«1500nm^^V^TV^-5o *fc> ia22(DK;^|p]®)^DRAOJ^{C{i, is-^yt^^ 

3feiSSi:LT1420nm*5 iU? 1450nm?rffl V ^TV 

[0004] mm^it. 2-3. 1-4. 2-4t-h. ffi^^feirs^^i^tc, -^is 

:77^^<-:f^^y^^U-y'^l^^ (FBG) ^^SPiStLT*t-51-— If y>l':^--K5fe 

[0005] ^fc. ^^^f^tfii^^l -3. 2-3. 1 -4. 2-4i^^^\^if^M.mMlZ7T-(^<mm^( 
EDFA) 16. 26^#i-^, DSF<^±^fE{B|<^i^?^c|3i^:^l_3^ l_4^tti-^^ I^Sp^Sr 
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^^nx. mm^^x^mmi^mm^n^tc^. edfai6. 26x-M^'^wcm^m^ 

[0006] m21(Dm^i^it. m;^l5!»;eDRAS^ffiV^TSNROIp]±?rlao-CV^-5o — 022 
-3. 23-3. -^^^^15. 25^aI;!)Pbyc:25^:^f^®)®DRA^fflV^TV^S„ fcfcb. ^ 

^mm^^^^^x^ m:^mMDRA^mmir^m^iai:. m^-^t^^m-i. c^isso 

--1560nmiZ.mhthX\^^fz(y^mmxn. I^T\^-f-^^i^. L^1575~1605nm 

ic^-to lll23{i#$ft{c:iKft(nm)^^t). mmz:mn(dB) ^t^o m23izj::nii. L 

[0008] ##f)^:S:j|ltl :H. Masuda et al.. Electron. Lett., Vol. 35, pp. 411-412,1999 

0WWXM:2:N. Takachio et aL, OFC, PD9, pp. 1-3, 2000 

#^#fP:S:i^3:M. D. Mermelstein et al.. Electron. Lett., Vol. 38, pp. 403-405, 2002 

0^ffXfSkA:K. Inoue, JLT. Vol. 10. pp. 1553-1561,1992 

#^#fF:ft:jS^5:R. P. Espindola et al.. Electron. Lett., Vol. 38, pp. 113-115,2002 

0^WX^e:Y. Ohki et al., OAA, PD7, pp. 1-3, 2002 

0^WfXW:R. H. Stolen, Proc. IEEE, VoL 68, pp. 1232-1236, 1980 

$¥^WfXti^8:H. Masuda et al.. Electron. Lett., Vol. 33, No. 12, pp. 1070-1072,19 

97 
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1017-1019, 1993 
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[0009] m21(D%m^m(ODRAZ^^y'MC^ m22<D^oi^. Bti:^j5b®DRASrii;!jPbTffl 
V ^tzm^(D{B^^(DSmC^^^Wl^^m24\Z.^-ro m24i-imjl^i^f^^ (nm) ^t^ 
. Sg!$tll(^SNR(<iB)^t5„ tifiU ±m(DX^iZ.^ fS-^^St«t*Lmi575~1605n 
m. iai®^^;ftttl470nm:j3j:U^1500nin-efc5„ 

[0010] m24X<0. -ft-^^tStSlSSQnmjfi^liljBV ^T. ®^JieSNR^Mk;&S>^CTV ^^^t 

[001 1] _tiBStfiiag-c^*. m-^^tmi^^(Dmmmmmm\:.icfj:'o. ±ib2o(^^^ ( 

■ho 

[0012] ^^-e. ia®7ti!gtcx^^;!jpx.fc. #5*jfcigv >RiN<Diifi^3fei!i (#^— Kdfb (5> 

LD (W— if K) jo J:mGM (inner grating multimode) LD) 

^b. ll|22(7>DRAv';:^7^A(fcyc:U. HU:^Jib®DRA^fflV^fc^'^) JCI^VnT. RIN 
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[0014] :$:^Bjfi. m^^^mm'f'^9'^:ym^(Dmnmwtvx<Di^v^^T^^^t^ 

[0016] *fc. mmi^v:^'77^ym^ s^mi^hz77^y<xh^. mmm^-mthm^Wim^ 
[0017] ^tvicitvti . ^mmi>^DSF(Dm^iz:id\ ^T. vtM^mxmmxh^tzSNR^ 

[0018] *>^v^^i, m^^^V:ij:7r^^<}-t^ yi^-^xi^mi^hyr^^'^xhy). mmim-^%n 

cm{mm^-S:^^'r^:^ti:)^x^^. 
[0019] ^tti;ij;4xfi. um^7!)^y>'^xi^m.i^'7h^7^y<(Dm'ki^i^y^^x. ^M^mx 

[0020] *>sv mmi^v:u-77^y<(Dm-^ytmtimi^. ^mmm^^ji-^<:^mEUF^i> 

h^:itf)^X^^o 

[0021] ritblCitLtf. SIJ®3t^ft*fe#ti{i/J^^<. IIS6«J(c:i430nm<7)S|j|i3tJgt:S-Ct) 
.^mmM^^/i-^<:^mEDF^i^:^—/i-^Wii¥^t^:it7!)^X^^o 

[0023] :z.(DXo\z^ T^mmi^->i^i!^/^^<^mFiyF^i^z^—/>xn^ ®^^^;dsy^/w^;^ 
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2;lo— is> 

■^i^4:t-Vm-^fci-iyT^]} '^—U—^y^:t-\'mX-h^m^^ 2A.0- As 

fc^m-^. 2A0- As> Ap+15dS^«95i:oi9te:BulBm#3fe^gEft. MIB-^n^^fc 

[0026] m^f)^m±tti:^mmm^7i^2 xo-xs=x px-h^m^iz^ ^fi^m 

[0027] Z(Dt^iz^ mmmm^M(Dmi!)nOnm&LrX:h^^ti!)mt.V\f\ 

[0028] ^hK. tffiflS!)^5feMf*. 'yjS#m-r5:7T:/!; — r^^:^-K<7)#^ 

[0029] ;itT.{c:J:*). m^^<bfeSV>f*3^5t^^^^;'^{j:j;S^v— ify^;t— K(^ItiS3feiS 
ft (^*&2Sft) i:;6SX'#-5o 
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2 

[0032] *fc. *5fBi>'y;*7:7r-r^^«m't'{c!|!:^$tv^cixiJ;«;:7r-r^^-efeoT^^v\ fesv^ 
[0033] *fc. Buia^t-^3feOi^S;65*-^S«T*fe«9. HaiEffi-^3fe<OiSJ:^BtiiaJSbS3fe<^S 

[0035] =Be5f€ft^ff-ePB^Jg-efeofcRiN^tf*5J;tmD-FWMt;iJ:Sft 
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[0036] m i}m-mmm(D^:7T^y<mm-y^TM.(D±i^m^mo 

m8]m ^mmm(D^^ mm (nz - DSFom-a-) ^^i-ig„ 

cm i2]FP - LDm^^m^m v ^tcm^i^^mLDmmmmtBj^ytsNR^xu 
im-^^sNRt<Dmm^^-rmo 

emi— tot ab 

s 

:^i-|llo 

2 

[l2l20]|H::|li6^J{c::jQft53feli*S:^o«fifetr^-rigo 
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[0037] 1-1.1-2.1-3.1-4.2-1.2-2.2-3.2-4 m^^PM^ 

10. 11. 20. 21 i^V:fj:7r^y< 

12-1. 12-2. 12-3. 13-1. 13-2. 13-3. 22-1. 22-2. 22-3. 23-1 

.23-2.23-3 FBCmi&^M 

14.15.24.25 

16. 26 EDFA 

30 ^PSM>®EDF^v?:x— /V 

40 Rl^T^yx^— ^ 

41 :7T:/y— ^n«-LD 

42 m^^^^ 

51. 53 EDFflJ#7'o-/i^ 

52 mn^it^^^^/^^ 

54 Rm^^mi^mm^ 

55 Sfe^^-^PSlUj^ 

70 ^liiti^ 

[0039] m-mmm) 

[0040] ^mmmi-i. muz^-tx^i^. m-^%^m^'r^y'^^^m^(DW^mMtL-r<D 

^^V:^^7^y<io. 11. 20. 21^. HulEfs-^^^l^— :^iR]tcixy;&:77'^x^io. ii. 2 
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0. 2i^^^^mi-^mm^^mm-f'^FGBmmytmi2-i. 13-1, 22-1. 23 

-It. iyV:ti^T4^<10. 11. 20. 21^FGBS5^7feilgl2-l. 13-1. 22-1. 23 

-it(Dmi^w^m^titcmmim-^^tmmm^^t^^^&-r^^f^m4. 15. 24. 

[0041] cisi-e. ^mmm(D!^mtir^tz^n. -^j^:§ii4. 15. 24. 251^}^. z^v^yr^ 
/^lo. 11. 20. 2i(D-ifu^m^Mx^M&:0:m<DmM^^ir^m-^m^Am^fh 

. ^om#3fe^FGBfi5jB3feagl2-l. 13-1. 22-1. 23-l>6^bai#t$tvfc]Sbje 
^tir^-^iSi-S^^^il^. FGB|5!)^3feMl2-l. 13-1. 22-1. 23-lf*. M 

[0042] iyV:^:7T-(^<10. lU 20. 21«. ^mii^-7h-7T^y<'(^:$yV)^ BlfiE{i-^^f*L^(C 

BnfEja)©3fe(:i. ^C>jg£:ft:dSl470nmi^JLT"^*>So 

[0043] e^T-ef*. f^-mmm^^hizmmimm^^o 

[0044] niifi. m-'mmm(D^^T^y<mm->^TJ>>^^]^x\^^^o m2i(D^Mmm<Dm 

;^DRA)$r. 1440nm(DS!Je3t^fflV^T^ToTV^:5o ^OlB!)jB^ffl<Oiai^3feMl3 
[0045] ^^ife^J (cii-r5^-7>'fiJ#:x-<i^h/P^|l|2(c^-ro lll2{*#$tfitc:^SS (nm) %:t 
— <^J5!j^^jg:5^1500nm*^bl440nm*-T?.MJSft(i|{CfR]ttT^>fb^-lirfc^ 

<D;5<:^i^h/VT'^6o *fc. ^^xbibS^gtft{c^-rssNR^-^i!^h/^%ia3(c:^i-, in 
3(*att(ciSS(nin)Srt?). l®^$ft(c:flJ#(dB)^i!-5„ fcfcb. :L<Dm—(Omm^f^ 
^(Dm^icm^^mm^^<V-ti. mM^mi^i3if:b2mM (1470nm*3j;t^l50 
Onm) m^(OM^(Dh—^J'l-^<P— (300mW) tmUzL^tCo 

[0046] m2XK}. 'ft-^3fe^S:g^rti;i^ij#:^-<i^h/K^i;°-i^;6Sifec^cD(i. m-o^mm^ 

3SS^5*5i^l470nm~150bnmlCfe5^-e*>5„ ^^-e. ti§jf5S^I?-Cri. ff-^ 
7feS£S*^I^T*]«^J#Sr#5rc«). tEPI&1470nm|^±(DMl^5fe^^ HEBSlSOOnmJ^J^ 
T<Diib®3tO^>;fe<i:t>2^S:g^^l±(DS!Iie^-CS^r;^DRA%^To-CV^fCo 
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[0047] vtzTb^ox^ mMmmxn^ mmo^m^-^^-S: (±mmxm575nm) t. m^<D 

®^7feiS:ft(±IS^!|-T?{il500nm){:i. ~m^s l>Jl00nm(jl|g^^{CLT^13T 

SOmaXhtlit, BI&yt^Mn. l^^X-t^X^^^K 1480nnii:$ttTV ^:5o CI 
tin. iStS^lOOnm. m^mm^Lx:i2. 8THz-e*>S„ 
[0048] m3(DSNR^^^h/U:iX?>t. Bi^^^MTinsOOnm. 1490nm. 1480nm<^J^ 

S3i)U470nm. 1460nm. 1440mn<DJ^{c:«. fB-^3fe^S*^f^(C4ott5SNR5^ 

;eiU470nm, 1460nm. 1440nmO^^) {^:. BER^ttts^^-CfcofCo :i 

[0049] i-J^jJ*?^. IEI23(^^|J# (^8dB) ^CJt^t^^^/J^$V^;6S, DRAlCi^SNRefe^^?^ 

[0050] _h|50J:5(-. ;*:|liS^r*Ji. ^^<Dfg-^^igEft(1575nm) (;i*)-L. ftftoiSb® 
(^llife^jT?fil470nm) f*. 100nmJ:«5:k:t/^{fi: (I05nm) im^^m^V 
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[0051] *fc. HfilBS:S©l5ti^5feSt*{*. t&I55:Mt0^t-^7t^S;S:ie:*J-U JSigt^lKcbTa 

^Jx.}5. HUte^0om-^3feife:5;iiU575nin(^^#, JS3&I^II;5U3. 7~30THz-e 

*Si530nm<D^#, j^^Stii:M;5U3. 7~30THz-efcttff. ttrtE^^OSIje^fe^gtS 
1 327~ 1430nm-efe4x(^ J;V ^„ 

[0052] m4n. :^mMm i^m^-d^usFcom^) icia-rsstftii^^^uTv ^:5o if o^)- 

;t(il440nm(1460nm. 1470nm-e^j j;V ^) "CfeSo 
[0053] *fc. I1I3«:. ■^V^'$^m^-B:in545mn(Dm^X'h^i!)K mx.}t. -^ti^m^m^ 
1535nm(7)#'^t;if*, ISOOnm, 1490nm. 1480nmf^;!jn;tx 1470nm(^#^(C, 

[0054] :^mmmx-\'i^ m23tm2t(Ditm^^i:>ti^^x^iz, y-^^^mn^^-^if^h/^a^—^ 

im-^^^-S:i^\HX0W-mzfj:^X\^^^o Wi^. m^^^^-^HK 1440nm. 1460 



wo 2006/001229 



12 



PCT/JP2005/011135 



[0055] ^m^T>sF'pX'(D4¥mmji^^^m.\^x. ^-^^wm^x^^^ ^^■m\it\ m^yt 

u-<;v-\) '^^^m(Dm^<DFjyFAMn:^^^v;vi)^^mfj:m^(o^i^K^ 
[0057] ±.um:mm\t. (m±.i^fz.\mm) \z.^wt\^tLmm.^:77^^<^x. m^%^ 

Okm4oJ;U^80km^ceif-efo5o 

[0058] x^ii^i^f^ii^h. ^mmm\z.^\i^^m'^%(D%mm,Wi^^^m.ir^t. m^^^m^ 
^m^p^xFJiFAfiiE<oxo\z.M^mz.m^-r^m^Khmmx^^m^^mm^. 

— lStCDRAO^J:?)^T^*f) (I0km*5j;t;«20km>&^') (Dl^^):^'77^^< (DSF^fc 
[0059] *fc. Kne^feMJ^i. -PT^^^-f^py^^Xy^^^i^^ (FBG)t>b<Jt7T-l'^^W— 

[0060] ^j.kM-<it.Xo ;^lllfe0y {;iJ;tvf^ . -gi^i^^SDSFcD^tc, ¥— 

S^«llB&1470nmjJJlTf-^^i-S^^:{Cj;9.t^*fi^^l¥-CPrgM-T?fcofcSNR^Mb^ 
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[0061] (m-mmm) 

1 500nmT**>§o lt-^3fe^Sft C^l 530~ 1 560nm-efc-5e 
[0062] i5b^5feStS«. ^;^fp]l5t)^«7)FBGZa®3tei!^12-2. 22-2X\t. n^m^(Dm 
22i:|^Cl420nm*3J:-a5l450nm-t?fet). *fc. m:)3\^B}1^(D¥BGm^%Ul^- 
2. 23-2-ef^l390nmTfe'5o 

[0063] :^'mmm\^i6}r^^m^m%^ms\z.7Ti'ro ^^Mm^x\t.. m22\z^\.f:Lx.o\^^ m 

■^myRA(DmU^Wi^\t. ^:^^jyRA.<Dmi^%^^tmy:.. 1420nm:}oiUfl4 
mnmX^^btK ^mife^Ti*. ±iBOJ;9(-. 1390mn-Cfe§„ 
[0064] -^6<]t;i«. S!)®3fe^S*^i. *M{t-^3fe^ft (153 

[0065] L:fe;6SoT. ig4o#^^(^cj;5 ^mmm\z.x.fi]-t^ ^^^^mxmmx^^ti 

[0066] (^HHJg^J) 

i^sb^EDF^i^aL-z^so^isabT. itPiiMl^lil|li^^ToTv^5o ^(ommmmB 

DF^i^oL— /^30^bTf*. iae^^t^SSV \5^:/7W-?;^M^ffl V ^Tv ^5 i0WW:Scm 

ig 10f*aiiiltCA;tllbS5t^N°I7- (mW) mmmtim^^^<r7- (dBm) ^ 

JSS^igx.T(1440. 1460. 1470. 1490nm)S!)^bfCo El 10*5 <fcU?^|feO;^|^^ 
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[0068] ^fc. y-:f/w<:^m<D^^mW}^EDF^i^z2.—/V30izmx.Xiy>^/\^y<:^m<DiMM 

sb^EDF^i;?^— /VT*{*. B}i^^m^y^/^^^<:^m<D^mmi^EDF^iy^—/\^3 

[0069] {.^mmmm) 

^wmz.mm'r^mu(Di^^fiFBGm^^%mi^fMyT^^'^\^—-^m 

[0070] vi^i-T?. ft ■^3fejRft<^S/J^'^ii^ A. s. '^r2^m^^(Dm.fhm.^ x o. sbe^fe^ 

2A,0-As=;ip •••(!) 

A0=1545nm. A s=1605nm<D^#, Xp<1470nmi!b-CV>§o i"^ 
2A,0- ;is> Xp + 15 •••(2) 

^bTv^5o iTcfcb. ±.w.m.\tmm%mi)^^-~^^<DFBGmi&%mx^^m^<DWi 

[0072] S5^3fe^!g(^amf*. :7T-r^^^-^:/W— if, ^— jg£:g:FBG-LD. 2jK;SFBG-L 
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D. *5J:OTP-LD(:7t>^>; !ln-LD)T'fc^o -^r^^m^^CDM^mXOitlSS 

Onm-efe^o :77xfy<^^-^>-ix— if\ ^— ig[:i:FBG-LD. 2iS;BFBG-LD. FP- 
LD(DjliI-eSNR;6S{g;V^^iJ6S:}p:6^So 

[0073] zL(Dt^, '^^i^ytm(DiodB^m{&Ti^ismmm^&m a x j*. :7t-i'^<^ 

»5^-iSftFBG-LD(D2f&-efeS;{i^£>. 11^6^/^ A A li2^T?3b5o 
[0074] ^±<0^^:d^^, FP-LDi5()^3feM. #?Sft©FBG-LDi5l)^3fe?!g (BSUTFBG 

;eiS;b:6^o?Co fdffb. ^lS:ftcDFBGl!)®3feM^f^M-f-^i:t. ^^Sr^Pi^$fe<bT. 
ft^^#^^4?)^^T*$)^o ttilE^ftraPifi. ^-^S«FBG— LDCDA A,;5S^2n 

[0075] |1112^^. FP-LDl5?e7feM^fflVNfc#'g'tC:}o(t5LDl^«j«^tSb^3feSNR*5 
lcSNR(dB)^t^o 0l2lc^i-ip{c, I^WjmdS^i:1>lJ:ls!)S3feSNR*5J;t5'fs-^3t 

[0076] misn. ^mmmmi^isi-f^FP-LDmm^m(Dm^^^i.x\^^^, ^mmym 

i*^SNR^#S/cfe. ^T<Di:^^LrX\^^^o UWi^m-r^^UDAl (FP-LD 

) \^nm^-^x^Mfiui^T^yT^--^Ao^Wim\^xm:h^<r7—^mm^x\^ 

[0077] ^-^m.Ty'r:^—^^0-A^h<Dm^%\t.W!^-^m^ {^Xrxm>BCt\ ^'?)42X^ 
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[0078] ^tz. I^rxDm^^^^y^y^t^h*). ^tHtWm±5iimVh^o Vfzfi^^X. mi3<Dm 

[0079] m:^it. mi&^^-r^2-D(DLT> iLDi^xjji.r>2 t'r^)(Dmi^yt^M(Dmm(D 

^gtS;6n440nmOi:t, m^^<Ty^i^X-:>X. LDiaM25'C-e. LDl<^ig:ft;6Si44 
4nm. LD20^g^ft;5Sl436nm^^:J5^o-CV^:rci:i-So LD10?fi^^l5t:. L 

D2<Z)?fi^^Sr35'C^i-S;i^ic:J:«9. LDl*5j;tJ?LD2(Dji5e7fe^ft^ttj{-. 1440n 

[0080] (^i^iSFd) 

[0081] 014}*, mi<DmiB^m^l-l, l-2l^(c:^tL^iX^gU:^cEDFA16, 26(Dflf 

^^J^^b-CV^So ;iOEDFA{*. 'ft-S-^(^A;blB!l(ciEg$tbfcmi<^EDFfiJ#:/ 
Diyi^-efeSEDPfiJ^z/ns/i^Sli:. 'fi-^5fe<Dm;^ffl!l(e:Bag$ti.fcm2<^EDF^iJ# 
^n5/iJ'l?35SEDF^J#:/i3>^i5^53^.EDF5pJ#:/niy:;^51i:EDF5pJ#:/t35'i5'53<D 
PB^{CiSg$tl./cflJ#^'fk^:7>f/V^52t. EDF^IJ#:/ci5/iJ^53lCg!i^$tL. EDFflJ 
#^n5/i^534'(;i^auytflJ#^«iLTOEDF(|g^^^|li&)<DS^5>**^^m 

[0082] J&*3. EDF^J#:^cii/i>'51Ji4i<TtjJ:<. *fc. ^IJ#^>fl:;3fe^-r/V't5'52(iEDF^J# 
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[0083] m^. ^mmmi^^n^mi'f^m.m'r^o EDF^j#^o-/i^534'OEDF(??dBm'(a 
x-<Dmn (G) i-t, it^j^#[^A. mmwiimmmm%:s (=Eniission) . ±^fmmi^ 

emi 

^®^^S (=Excited State Absorption) ^ S^lR^ffi^trS (=Absorption) , h— ^ 

emi— tot emi ESA 2 

G=A(S N -S ) ' (3) 

emi— tot 2 abs 

[0084] mi5ii^h—i^/i^<DmmMimwrmms isxxf^mmmms o^^^w^-^^ 

emi— tot abs 

^5>**-e$>5_h&«Cd&^Jt^N^/!)S42%. 40%. 38%. 36%. 34%OJ^-^{C 

ov^T^tt■?:*nEDFflJ#^-<i?h/^^^^:^^UTV^^„ fj::$s. miexnmm^^S: 
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